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INTRODUCTION 

In the field ef fire control, one of the most important prodloms 
confrenting the designer is that of furnishing an accurate solution fer 
the contrel of fire from fixed quns carried by an airplane flying along 
a curved path. In order to overcore this prodlen, sights of various types 
have been or are being designed. The type considered in this thesis is 
a gyro~computing, 4iaturbed~line~of-sight type of gunsight. With the 
computer case of the gunsight being rigidly mounted te the mructure of 
the attacking airplane, the foremost prodlem is to determine the effect 
of any poesible motion of the computer case on the indicated sight 
prediction angle determined by the conputer. 

An A~l sight (netalled in an F7F type airplane will be used in this 
project for the purpose of investigating the overall dynawie characterie- 
ties of a two~gyre commuting systen for acrodynamic-lead pursuit courses. 
Some work of this nature has previeusly heen done by the Army Air Forces 
with a P36 type airplane et Eglin Field, Florida, and by thea M.I.T. 
Instrumentation Laboratory using an A~26 airplane at the Bedford Airpert, 
Bedford, Kassachusetts. 

18 4s hoped that information obtained by this thesis will ve of 
value in the development program of such a computing system, as well es 
to provide infermation for essenenent and evaluation to the Aviation 
Armament branches of the Army and Navy. 

In order to analyse the motion of an aircraft which is flying along 
a curved path, thie motion is reselyed into three componente abdout 
matually perpendicular axes, i.e., deflection, elevation, and cross roll. 

ol~- 


Since gyroscopic elements respond to angular velocity inputs with respect 
to inertial espace, they are used in computer mechaniemsa to determine the 
defleetion and elevation predicted lead angles by proper orientation of 
their spin azea with reapect to the axes of motion of the computer case. 
Originally it was intended that a three-gyro (each with a single degree 
of freedom) computing gunsight de used to investigate the problem. This 





sight had separate computer sections for motions about the elevation, 


deflection, and crees roll axes, The cross roll computer recolved motion 
about its axie ints proper inpute to the elevation and deflection computer 





systems so thet the roll or bank of the airplane would introduce sub- 
etantially no error to the predicted leed angles. Unfortunately, after 
this sight and the necessary aecessnent equipmest had been inactalled ani 
boresighted in an F6F type fighter aircraft, the plane crashed at sea on 
ts initial miesion. Ho equipment or expcrimontal date was salvaged. 
However, since the calibration data was exceptionally goad, indicating 
that the sight quite probably would have been an improvement over present 
designs, thie data has been included in Appendix I of this thesie so that 





4% may be used as a criterion in the construction and calibration of 
another three~gyro computing gunsight. 

Becavee the sicht which wae lost could not be replaced in time to 
complete the original theeie, a production model of the 4-1 cemputing 
gansight wae used as a substitute. This type of sight has two computing 
sections, elevation ani deflection, ench utilising a single~degree~of- 
freedom gyro. There is no crosa rell computing section. in orter te 
compensate for ocrrors which would ve introduced by motion about the crese- 
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réll axis of the airplans, the deflection gyro input axis ia inclined ten 
Gegreee from the deflection exis of the airplane. This ine lination reduces 
the input effect of the deflection component of the controlled line angular 
velocity from Weonya to Yona con 10°.” At the same time the inclination 
provides a component of the angular velocity of the computer case about 

the controlled line as an input te the deflection computing system equal 

in mgmitude te W/o), sin 10°. This input moves the tracking index in 

a direction to neutralize errore which are produwoed by motion about the 
eross~roll aris. 

The elevation prediotion computer receives as inputs the effective 
acceleration component parallel to the deflection axis, the angular 
velocity of the compnter case about the elevation input aris, and the 
elevation sensitivity current. Its outmt ie an angular displacement 
of ite computer shaft which is the input to the elevation indicating 
aysten.” 

The deflection prediction computer receives as inputs the angular 
velocity of the computer case about the deflection input axie, and the 
deflection sensitivity current. The output of the deflection computing 
system ia an angular displacement of its computer shaft which is the 
input to the deflection indicating system. 

The elastic restraint stiffness motors on the computer shafts are 
provided with seneitivity currente from the sensitivity control system. 
The sensitivity control system normally has inputs of present range and 


*see Symbole and Definitions 


“Detailed Theory and Computations for the A-l Sight for the Control of 
Gunfire from Fixed Gunes, Rocketfire, and Bombing from Aircraft, VYoele. 
I and II, by the Instrumentation Laboratory, M.J.7T. 
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atmospheric pressure. However, since thie investigation we concerned 
with the dynamic behavior of the prediction angle at specifie sensitivi- 

















ties, a ewiteh was installed to allow the pilot te select seneitivitios 
of 2, 4, and 6 seconée. The sensitivity varies inversely as the elastic 
restraint, an infinite restraint giving a sensitivity of sere. 

Thies thesia is concerned with the control of gunfire from fixed 
fons in an airplane which flies a pursuit course or curved path. 
Since the Awl sight is of the disturbed-line~of-sight type, indirect 
tracking control is used. The eight movwee the tracking index “backward’’ 
fros the controlled line by the amount of the predicted lead angle it has 





computed. Normally, when tracking is started, the sight ia caged until 
the proper angular velocity inpute are received; then it 1i¢ uncaged. if 
the controlled line could ve moved forvard instantaneously by the amount = 
of the correct indicated prediction angle when the sight is uncaged, en 
instantaneous solution could be obtained. This is obviously impossible ‘ 
because a finite time ia required for the tracking line to nove to the 
correct position. This type of disturbed sight has exponential reepense = 
characteristics so that theoretically 4t would require an infinite amount — 
of time for a perfect solution te be obtained. Jor practical purposes, 
when 95 percent of the initial error has been eliminated, it is considered 
that a satisfactory selution has been attained. The time interval re 
is called the solution time, The solution time depends upon the éynanic — 
responeo charecteristics of the computer mechanisms, and is one of the 


important elemente to be investigated in thin thesis. e 





In order to analyse the sight’s performance so that it may be compared 
among sights, the etability mumber of the sight suet de known. The 
stability number, SN, is defined by the following equation: 


‘ 
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SE « ~i (1) 
y(wP) 


Stability musder 49 direetly propertional te the gyro wheel speed and 
the viscosity of the fluid im the computer shaft damper. Since the 
@yroe are run by iaduction motors and their speed is constant (ae 
determined by the speed of the iaverter), the damping ie the only 
variable which may be changed. The damping vas adjusted to give a 
atability muzber at 0.8, This setting wae male by positioning thé 
rheostat in the damper heater contrel ctvoutt. Finaliy, ‘the nechanign 
diarestovietic time is defined as the ratio of the damping coefficient 
te the elastic se al on the computer shafts “ 


orig ~ Sn em 


Since the angular reteoh-penbtetsen angle senaktivsty is also snverely 


proportional to the elastic restraint, 3 oe | 
Matar) et 








9 (WP) * 


R, 


it follows that the stability nunber ie independent of elastic restraint, 
ang therefore of range, since range ad fustaents tontrel the elastic re- 
straint. Therefore, the stability maber te constast, dependent only 

upon the calibration adjustment of the computer damping, It hes alee deen 
determined that the tracking ratio is related to atedility romber as felleve. 


s mo Gy | : - o (4) 


and thet the selution time ie related to stebility pumber by the formila 


ee st Bag) hey Dy tan 


im 





“See Symbele and Definitions for notation ef all equations. 

¢ 

‘Reference lieted page 3 for equations 1, 2, 3, 4, and 5. 
=f 


For the rigorous treatment of this fire contrel prodlem, assuming 
roll ‘Stadili sation and motion restricted te the hori souital plane, typical 
sdibiees of the following equations have been obtained from the Reekefeller 
Differential Analyser of the Massachusetts Inetitute of Technology, It can 
be seen from the equations that angle of attack and target angle vary through- 
out the problem. 8 (wp) ia maintained constant. 


za = Y, con A, - vA oon (P a 7 %)- ¢ (6) 

~~ 2. oe ¥,/8 2 
>? en” WO re a we faa) 4 # (7) 
P os 
Pa ter - a je Uy 

p(WP) 

, | v . 
A, « A ein (Pa) - = ein A, # (9) 


Yer the experimental as well as for the exact solution of the probdlen,. 
certain limitations imposed by operational aspects should de considered. 
With the many parameters which can be varied, it is necessary to limit 
the scope ef the problem to one type of pureult curve. For this project 
4% was decided to use only one type of run, restricting it to the heriseantal 
plane, with an initial target angle between 90 and 120 degrees, The ratio 
of speeds of the attacking and target planes was abeut two. The angle of 
attack, although net sere in the actual problem, fe assumed to be initially 
sore ané ia not meer throughout the solution of the experimental 





Appendix. 11, Figure 1, plote of these solutions amt fer defining and 
” ¥ndtial conditions. 


Yave thesis entities "an teivesthgntaon. of the Performance Characteristics of 
a Computing Syeten fer Aiyto~Air Interception, * submitted — 1947, dy 
Le. bin yh Refo, Bruce, Game, ani Oraig, USE, fer —— these 
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problem, although it ie taken into account by the A-l sight. The 


gensitivities selected were <2, 4, and 6 seconds; clese, medium, and 


. lang ranges, 


a= 


OHAPTER I 
APPARATUS 
I. AIRPLANES 

An F7¥-2N airplane (night fighter), assigned te the Naval Air Test 
Center, Patuxent River, Maryland, was used for this project. This plane, 
Bureau Bumber 80204, arrired at Squantum Zaval Air Station on July 22, 
1947, for the purpose of calibration of a previously installed A-1 uni- 
vereal type guneight by the Instrumentation laboratory of the Massacha~ 
setts Institute of Technology. The cunsight was instalied in the airplane 
by the Naval Air Modification Unit, Johneville, Pennsylvania. Permission 
was granted for the use of the F7F airplane, upon completion of laboratory 
calibration of the guneight, in obtaining experimental data for this 
project. 

fhe target airplane is an SHJ-4 type which is used extensively dr 
the Army and Navy for training purposes. This airplane is one of the 
normal complement of planes ured. for training flights at Squantum Naval 
Air Station. 

The original apparatus for this project consisted of an FéF type 
airplane in which waa installed a three gyro version of the A~l computing 
goneight, designed and built vy the Instrumentation Laboratory at M.I.f. 
After calibration ané inataliation of the gunsieht in the eirplane, a 
mechanical failure in the engine in the vicinity of Graves Light, Boston 
Harbor, resulted in a water landing and complete loss of plane and equip~ 
ment. At the time of the acefdent, flight test calibration ws being 
conducted in order to obtain angle of attack data fer various airspeede 
as well eas making a preliminary check for proper sight operation, 


* See Appendix I for detaile of calibration and installation of this 
gunsight. 
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Unfortunately no actual flight test data was obtained. 


II, @UusZoN? s | 

A production model A~l computing gunsight, built by the A.C. Spark 
Plug Company, waa used in this investigation. This sight, and its opera- 
tion, are deseribed elsewhere in this thesis. 

Boresighting of ths gunsight wae accomplished by use of normal bore~ 
sight equipment furnished by the manufacturer of the plane. Lifting 
jacks vor leveling the plane end a portable soreen were provided by 


faocilitice at the Squantum Nawal Air Station. 


TTI. OAMERAS AND ASSERSSMERT 

Twe OSAP Bell and Hewell cameras were used in obtaining tracking 
and flight data. The cameras were magazine loaded, exch magazine con- 
taining 50 feet of 16 me. film. One camera was mounted in the radar 
operater’s poeition (rear seat of the F7V), in order to photograph the 
airspeed meter, altimeter, acceleremeter, sweepsecond clock, ani the 
bank infdicater. The ether camera was mounted on the eight head to 
photogravh the aight reticle, canera reference marker, and the target 
plane . 

Satisfactory photography was obtained with negative panchromatic 
film, wpeed 25, useing stop f.11, and a shutter speed of 1/50th second. 
All film was processed by the photographic personnel at the Naval Air 


Station, Squantum, Massachusetts. 





Aotatled camera circuitry and mounting, see Appendix I, See. 6 
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Bell and Howell motion pieture projectors vere used for the fila 
assessment. The projectors were adjustable with respect to a fixed 
calibration sereen. By means of 100 wil calibration marks on one set 
ef exposed film, obtained while boresighting, the screen calibration 
scales were made identical with that on the film by proper adjustment 





of the projector, With this adjustment made, distances on the calfbra~ | 
tion ecreen could be measured directly in alle. 


CEAPTRR Ii 
FLIGHT PROCEDURE 


For the purposes ef this report, a mission is defined as a flight 


during whioh sufficient rung were made to completely expose fifty feet 


of assesenent camera film (approrimately six runs). Missions flown in 


the couree of this investigation included two familiarization and teat 


flights, and four niesions on which data was taken. 


The two familfarization and test missions were made in order te 


check the proper operation of the assesement cameras and te familiarize 


the pilot of the attacking airplane in the operation of the gunsight ani 


in the type of rune desirad. 


Missions for record were made as follows; 


The attacking and target airplanes joined up at an 
altitude which gave freedom for maneuvering and proper 
lighting for photography. 

The target airplane teok up a heading and flew at 100 
knots indicated, at a constant altitude. 

The attacking airplane maneuvered inte a pesition from 
which it could make a run which conformed as clesely as 
possible to the etandaré runs desired. The standard ran 
wae one which was to be made on the same horisontal plane 
as the target airplane, initial target angle of ninety 
degrees, initiak range of two thousand yards, ani an air 
speed of 200 knots indicated. 
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At the beginning of a ron the attecking plane's pilot caged the => 
eight’s wticle, started the cameras, then uneaged the sight sons ste 
first meneuvering his airplane so that the reticle was “om” the target” 
aircraft. The pilot then endeavored to track the target in as clove as 
poseible before breaking off the rum. After the run vas completed, the _ 








Cameran were stopped and the attacking airplane took position fer anot 


ORAPTER TIT 
DATA OBTAIWED 

In the nseesement of the films of the runs nade, covery fourth 
frame was analyzed. This represented conditions at approximately each 
quarter second throughout the tracking run. 

At each frame read, the location of the reticle in elevation and 
deflection on the calibrated ecreen was recorded in mils. By onergizing 
the flaegine eireuit in the camera before the gyro was uncaged, the caged 
position of the reticle wan obtained (determined by the appearance of 
the flag in the film). The difference between this position and succeed 
ing positions of the reticle gave the sight prediotion angles in slevatien 
en deflection. The difference detweon reticle and target positions at 
any particular time was the inaccuracy of the tracking line in elevation 
and Geflection. Wo attempt was meade to separate the inaccuracy inte 
error and uncertainty. An inaccuracy in elevation was considered positive 
if the reticle was below the targst, ané an inaccuracy in deflection was 
considered positive if the reticle was to the left of the target. With 
the assessing scales used, the numbers increased from right to left and 
from the tep down. 

For framea from the rear eamera recording the instrument panel, 
frames corresponiing to those of the front camera were analyzed, and the 
following were recorded: airapeed, altitude, accelerations, and elapsed 
time. Slip or ekid were observed, From the recorded data, the predic~ 


tion angles and tracking inaccuracies were calculated and plotted in 


Appendix II. 





In erier to provide a besis for comparison of the « pe 
with the theoretical data, the mathematical solutions obtained from th 
Rockefeller Differential Analyzer were also plotted in Appendix II. 


_ 
io r i. 
* | 


=> 








777 


CHAPTZH IV 
Re SULTS 


Figure 1 shows plote of the predicted lead angle versus time data 


obtained from differential analyzer solutions of the flight path equations 


approximating those conditions which existed for the actual tracking rune. 
Figures © through 15 are plots of similar data experimentally obtained 

from the tracking runs. Yigure 16 shows two plots; curves of experimental 

and theoretical solution times versus static sensitivity of the sight 
computer, and a curve of tracking line inaccuracy versus static sensitivity of 
the sight computer. 

The theoretical solution of Pa versus time gives a smooth curve 
starting from the zero or caged position of the sight reticle, and rising 
exponentially as the sight generates the proper initial lead angle. The 
slope of thie curve decreases after the initial selution is reached. As 
the range decreases and the attacking plane closes in on a tail chase of 
the target plane, the curve then steepens sharply, indicating increasingly 
larger required leads. Thie plot of lead angle versus time does not 
represent an actual serodynamic lead purauit course gunfire problem for 
the following important reason. In an actual problem the atatic sensi- 
tivity 1s a variable. It 498 a function of present range, or of time of 
flight of the projectile from the attacking plane to the target. As the 
range decreases the time of flight decreases, which tends to make constant 
the amount of lead eeeTiiey te the finel stages of the run. As previously 
explained in this report, the static sensitivity was held constant for a 
particular run in order to simplify the investigation. Holding the atatic 


sensitivity constant during the run eotually made it more cifficult for the 
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pilot to track perfectly and consequently increased the magnitude of the 
dynamic errors present in the latter stages of each run. 

Inspection of the experimentally obtained curves of predicted lead 
angle versus time reveal the eunsight’s solution of the fire control 
problem to be besically the same as the theoretical selution. The 
exponential part of the exverimental curves can be clearly delineated 
in each case. After the sight has generated the initial predicted lead 
angle, the curvea of predicted lead follow, in general, a sinusoidal motion 
througheut the remainder of the run. 

One of the conditions imposed on the pilot of the attacking airplane 
was that he should track the target with the sight reticle in the caged 
position for about two seconds prior to uncaging the sight. This imposition 
caused a marked divergence in the shapes of the curves of P ae and - versus 
time. An inspection of the exocrimental curves of any run shows that, while 
the P aa curve has a generally positive slope throughout the run, the Sa 
curve hae an initial positive slope that changes to a large negative one 
juat after the initial solution is reached. In about the last third of the 
run the slope of P oe curve resumes a generally positive value. The magnitude 
of P ae’ being measured with respect to the longitudinal axis of the ettacking 
airplane, is a function of the angle of bank at any instant. Yor ervarmle, 
with the pursuit curve kept in the horizontal plane of the target as it was 
in thie inweetigation, if the attacking airplane were to bank vertically during 
a run, all the lead would avprar aa an elevation lead angle. 

The explanation of the behnvior of the P oe curve is that when the 


pilot uncager initially, and the sieht reticle moves away toward a solution, 
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he has to fly his airplane so thrit the controlled line ia directed out 
ahead of the target in order to keep the reticle on the target. In 
making this maneuver, the airplene mest be sharply banked. However, as 
soon as the predicted lead angle becomes relatively stable, the pilot 
mst ‘shallow out” the flight path slightly. In doing so he reduces 
the bank angle and hence the magnitude of the Rn When the predicted 
lead angle begins to increase rapidly near the end of the run, the pilot 
hae to increese the angle of bank which results in 2 increasing positively 
at about the same rate that P id increases. 

Since tracking inaccuracies were present in all the experimental rune 
a plot of their average magnitudes versus sensitivity setting has been made on 
Figure 16. The plot shows that the inaccuracy increases as sensitivity (and 
therefore vredicted lead angle) increases. This condition probably exists 
because 1t is more difficult for the pilot to keep the reticle in view when 
the lead angle is large. Furthermore, the tracking line motion (reticle 
motion) 4s more loosely coupled to the controlled line motion for large 
predicted lead angles. 

The average magnitude of the tracking inaccuracies appearing during 
the runs was larger than e<pected. However, as it was pointed out earlier 
in this @iscussion, the static sensitivity was held constant during the run 
and this acts to increase the tracking difficulties. Furthermore, the pilot 
of the attacking plane had little previous experience with this type of 
sighting systen. Experimental teste have been made using the disturbed 
type guneight to track while in shallow dives on a fixed ground target. 


Inaccuracies were found to be in the order of from one to two mils. 





*See Thesis entitled "Experimental Determination of Tracking Inaccuracies of 
Fixed and Disturbed Gunsights in Fixed Gun Fighter Aircraft, submitted August 24, 
1946, to MIT by Lt.Cmirs. ¥.P.dePoix, J.J.Hinman, 8.F. Lloyd, R.¥.Rawson, USN. 
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Theoretically the time required for thia gunsight to gencrate a 
solution,after being uncaged, is approximately six tenths of its static 
sensitivity in seconds. This relation is verified on the theoretical 
curves vlotted on Figure 1. From the experimental results it was estimated 
that the solution time was approximately twice the theoretical values. 
Roughness of the angular velocity inputs to the sight computer due to the 
pilot's inability to track perfectly wae probably the cause of this 
increase in eolution time. While thie increase appears to be undesirably 
lerge, the experimental curves definitely show the sight had generated a proper 
oredicted lead angle even for the runs with the highest sensitivity setting 
before the runs were half completed. 

A simple change in the pilot’s procedure of making a tracking run 
would materielly reduce the solution time for that rum. This change would 
require the pilot to anticipate the epproxinate lead prior to uncaging 
his sight at the beginning of a run and to position his airplane accordingly. 
It is also considered this vrecedure would reduce the tracking inaccuracies 
throughout the run by eliminating the necessity of the vilot having to 
track the target during the transient part of the predicted lead selution. 

No attempt has been made in this inver tigation to determine any errors 
that might enter the problem due to changes in angle of attack of the 
attacking airplane during the tracking run. These errors, if present, were 
probably small because a study of the date taken shows a maximum change of 
only one tenth "g” in the linear acceleration on the airplane during the 


course of this particular type run. 
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CHAPTER V 


CONCLUSIONS 


On the basis of the foregoing resuits, the fellowing conclusions are 


presented: 


Im 


The actual time required for e disturbed gunsight to generate 

a solution will nlways be erester than the theoretically determined 
time due to inaccuracies in tracking. 

Tracking inaccuracies and sight solution time increase with the 
sight'’s static sensitivity. 

Dynamic errors will be present in any tracking ron due to the 
pilot’s inability to track perfectly. 

Under the conditions of this investigation the tracking 
f{neecuracies and sight solution time could have been decreased 
if the attacking plane pilot had followed a procedure of antici- 
pating the approximate required lead at the begiuning of a run 


and had positioned his plane accordingly. 
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Gontrel line. Aeotual controlled line position which 
ie usually parallel to the boresight line of the air 
plane. 

Line of sight to the target. 

Solution time. 

Stability number of sight. 


Tracking ratio 









Deflection coordinate of the tracking index or reticle 
on the projection screen. Measured in mile. 





Elevation coordinate of the tracking index or retiéle 
on the projection soreen. Meagured in mile. 


Deflection coordinate of the target on the projection 
acreen. Meacured in mils. 





Elevation eceerdinate of the target on the projection 
ecreen. Heasured in nile. 


Zlevation or deflectien component of pen 
prediction angle. 


indicated prédiction angle, or eutpat angle. 


Indicated prediction angle ap menoured in the 
horizontsl plane. 


Damping coefficient of elevation or deflection 


Spring constant of elastic restraint on elevation or 
defiaction computer shaft. 


Aagniar momentum of gyro rotor abeut spin axia. 
Prevent range from attacking airplane to target. 


Angle of attack of attacking airplane or missile with | 
respect to the horizontal. 


Target angle. Angle measured from present line of 
sight extended te the direction of motion of target. 


Target velocity measured in knots. 
Attacking airplane velocity measured in mote. 


on) (e or 4) 
: Yica)e 


"Se or a) 


"sp 


(oT). 
5 (WP) (0 or 4) 


5 (wP)cr( @ or a) 


5 (WP) (0 or 4) 


5s (aP)(e or a) 


Asie or a) 
Aor 


*(a0)(e or 4) 


Sine) (e or 4) 


‘ye 


(1) 8b, or 4) 
P ayu) 
v/s 


az 


Blevation or deflection component of angular velocity 
of controlled iine. 


Angular velocity of computer case about controlled 
line. 


Elevation or deflestion component of angular velocity 
inpat to gyre element. 


Cross roll component of anguler velocity input te 
gyro element (sane as Won im Appendix I). 


Mechanies characteristic time. 


Angular velocity~prediction angle sensitivity of 
elevation or deflection prediction aysten. 


Angular velosity~prediction angle sensitivity of 
deflection or elevation prediction system due to 
oress roll, 


Angular velocity~prediction angle rate sensitivity 
of elevation or deflection prediction systes. 


Sensitivity of elevation or deflection indicating 
system with computer shaft angle inout and prediction 
angle output. 


Elevation or deflection computer shaft angular die 


‘placement from reference position, 


Aniguiar displacement ef crose roll computer shaft. 
Elevation or deflection pickeff voltage proportional 
te angular displacement of elevation or deflection 
computer shaft. 


Cross roli pickeff excitation current proportional 
to elevation or deflection vickoff voltage. 


Blastic reetraint excitation current. 
Sensitivity period ratis 

Innecuracy in tracking line pesition. 
Preesure output from pitot static head. 
Wing loaiing of airplane. 


Siepe of lift curve of airplane. 
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APPENDIX I 
CALIBRATION AND INSTALLATION PROCEDURE FOLLOWED IN THE ASSESSMENT OF A 
THREE GYRO LEAD COMPUTING SIGHT DESIGNED EXPRESSLY FOR TEST IN THE FOF 
NAVY FIGHTER AIRCRAVT 


PREFACE 


The calibration precedure and data contained herein constitute 
work done on a thesle which was concerned with an investigation of 
various properties of a gyroscopic lead computing sighting systen, 
using the disturbed line of sight principle. Work on this thesis 
was terminated when the aircraft in which the equipment was installed 
crashed. However, since the sighting system performed so well that 
a similar syetem will be = in the near sal the procedure and 
data are published for , onatinea. 

The sight with its component parts was designed and manufactured 
by the Massachusetts Institute of Technology Instrumentation Laboratory 
for thie thesis. Its design closely follows that of the A-1 sight 
developed by that laboratery fer the Army Air Ferces. Some of the 
modifications made on the Awl sight for this investigation were: 

1. The inetallation of a third gyro for the purpose 
of checking the effects of cross roll on the computing 
problem. 

<2. Componente which correct for gravity drop and linear 
acceleration were omitted. 

2. Air density correction unit was omitted. 

4, Present range input vas omitted. 

6. Certain other components, required when the sight is 


to be used as a bomb or rocket sight, were omitted. 





_ 







These modifications of the basic sight were mede during ites constructic 
in order to simplify its manufacture. Since the object of the investiga- 


tien of this type of lead computing sight was, in brief, to determine 








qualitatively ite practicability as a sighting system and as an inter 


ception course computer, the exact solution of the air to air gunfire 





problem for a particular weapon was not attempted. Hence, such factors 


as 2, 3, 4, and 5 above were omitted. 


LIST OF LABORATORY BQUIPHENT USED IN THE BENCH CALIBRATION OF THE SIGHT 


5» 


- 


Blectrically driven, variable speed turntable. 

Stop watch, scales, and mirror. 

Anmeter for measurement of current in the sight'’s stiffness 
notors. 

A suitably mounted spherical segment with deflection and 
elevation marke inscribded. 

Mounting base for the computer case inclined 20 degrees to 

the horizontal fer mounting the computer case on the turntable. 
Oscillating table to provide sinusoidal motion to computer case. 


28 volt d-c supply. 








4. 
5. 
6. 
7. 
8. 


10. 





LIS? OF ILLUSTRATIONS 


Sighting System Assembled for Laboratory Calibration 
Sighthead 

Computer Unit 

Mirrer Servo Amplifier Unit 

Pilot's Contrel Box, Front View 

Pilet's Control Box, Bottom View 

400-oyole Inverter 

Dynamotor 

Tracking Index as Seen by Sighthead Camera 
instrument Panel ae Seen by Instrument Camera 





CALIBRATION AND INSTALLATION PROCEDURE FOLLOWED IM THE ASSESSMENT OF A 
THRAE GYRO LEAD COMPUTING SIGHT DESIGNED EXPRESSLY FOR TBST IN THE FOF 
WAVY FIGHTER AIRCRAFT 


I. ARRANGEMENT OF THE COMPONENT PARTS OF THE SIGHTING SYS?TEX FOR 

LABORATORY CALIBRATION 

The input signal to the computer case is an angular velocity of 
the airplane about the roll and pitch axes. To sinmmlate these inputs, 
the computer case was rigidly attached to a wooden frame which in turn 
wes mounted rigidly to an electrically driven, variable speed turntable. 
In order to obtain inputs about either the elevation or deflection axes 
without tipping the computer 90 degrees avay from the vertical, the 
wooden frame wee built ao that the ectual angle between the plane of 
rotation of the turntable and the elevation input axie was 20 degrees. 
Therefore, the actual input angular velocity was not that of the turn- 
table, bat the turntable angular rate mitiplied by the sine of 30 
degrees for the elevation unit, and by the cosine of 30 degrees for the 
deflection unit. In order to avoid confusion between the elevation and 
deflection systems when making angular measurements, the computer 
eyetem not in use was made inoperative by deenergiting its gyro. In 
efdition, the cross roll computer system's electrios)] connections te 
the sight head mirror servos were disconnected by means of a switch on 
the pilot's control box, except during the calibration of the cross roll 
eysteom. 

The sight head was clamped to a rigid stand in a position to 
permit the sight’s tracking index to de reflected, by means of a mirror 
attached to the sight head’se reflecting glass, onto the spherical seg- 


ment having elevation and deflection scribe marke. It was necessary to 


properly orient the spherical segment ao that its scale of elevation 
and deflection marks actually denoted mils angular movement of the 
tracking index. The remaining sight components were located nearby 


eo as to be easily accesaible for adjuetment. 


II. CALIBRATION OF THE MLEVATION PREDICTION ANGLE COMPUTING SYSTEM 


a. STATIC SENSITIVITY 5 o(WP)e 


The static sensitivity depends on the magnitude of current flow 
in the stiffness motores on the elevation, deflection, and cross roll 
computer shafts. In this sighting system, the oeeeamiaa he of both the 
elevation and deflection computers ie controlled by means of a switch 
on the pilot’s control bor. This switch has ten detented positions 
for regulating the stiffness motor oumnsaibas and the purpose of this 
calibration was to adjust the current at each pesition to obtain a 
range of sensitivities from prep en five seconds, in ten approximately 
equal increments. 

With the sight energized and in operating condition, but with 
the deflection gyro disconnected and the croes roll circuit turned off, 
the 5 (wP)e was determined in the following manner. 

An angular velocity input was applied to the computer case and 
the elevation prediction angle generated on the spherical segment 


corresponding to this input was noted. Pata was recorded for each run 





as follows: angular velocity input, elevation prediction angle, sensi- 





tivity setting, and stiffness motor current. @nough runs were made to 





cover adeouately the range of elevation prediction angles from sero to 


plus end minus 260 mils. 


On 








A plot of prediction angle versus angular velocity input abdout the 
elevation axis for each sensitivity setting gave a series of points 
through which a straight line was drawn. The slopes of these lines are 


the § Ve values for the various sensitivity settings. Stiffness motor 


p(WP 
current was adjusted in each case until the proper elopes were obtained. 
Adjustment of maximum sensitivity to a specified value was made 
by altering the amount of atiffness motor current through the elevation 
stiffness motor. In this calibration, sensitivity setting mumber 1 
corresponded to ea maximam sensitivity, and was adjusted to five seconds 
vy means of a potentiometer in the elevation sensitivity control azpli- 
fier circuit marked “L” tn Figure <2. The adjustment of the sensitivity 
current for any perticular setting of the control switch affected the other 
sensitivities, and it was necessary to recheck all positions as changes 
were made. The final plot of prediction angle versus input angular 
velocity appears in Figure 3, nail the slopes of these lines were then 
taken and plotted against sensitivity setting, and are shown in Figure 4. 
>. STABILITY HUMBER (SH) 
The next step in the calibration procedure was to adjust the 
damper fluid temperature to yield a stability number of 0.2 for the 
elevation Oomputing system. Stability number is a function of gyre 
wheel speed and of damping on the computer shaft. The gyros were run 
by induction motors at a conatant speed determined by the speed of 


the inverter. Thus, with constant gyro wheel speed, stadility mumber 
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was directly preportional to viscority ef the damping fluid. The 


viacosity of the fluid in each commuter shaft damper was controlled 





by a rheostat in the damper heater circuit, and a 12° change in 
heater temperature produced sa 15 percent change in viscosity. 


The method of setting extebility number consists of determining 





the elevation computer eystem'’s angular velocity input - rate of change 
of prediction angle output ratio, 5 (w)e’ with the stiffness motor 
excitation current turned off. Knowing this value, the etability 


nmamber can be determined from the relationship 


(su) = $ 7 - 1 
p(wP)e 


The average rate of change of prediction angle was determined by timing 








a sight elevation ohange of 700 mile reaulting from a known angular 


velocity input to the elevation computer systen. 





Ae a means of determining etabdility muomber ravidly, a series of 





eraphe were plotted, Figures 5 and 6 for elevation and Figure 7 for 
deflection. These graphs are a plot of time for the tracking index 
to travel 200 mils vereus input angular rate, and the equation for the 


lines is derived as follows: 





(1) (sz) = i. - 1 
p(WP) 
(2) S O(NP)e . i 


substituting (2) in (1) 


(sn + 1) = 


Let P » z © = mils/eec 
You a) 
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In the above formisa Woy, 4a the actual innut enguler velocity in nile 






per second. Thie is obtained from turntable angular velocity by ml- 
tiplying the letter by the sine of 70 degrees for this case, and dy 


the cosine of 30 degrees for the deflection system. However, the 





turntable angular rate is the parameter listed on the curves to facili- 
tate the laboratory calibration. Thus, if time, t, ie taken for a 
particular traverse of 30O mile using a given value of turntable angular 
velocity, the atnbility number can be read directly from the graph. 
The stability numbers thus odtained are plotted for the various 


angular velocity inputs in Figure 8. Final damper temperature setting 





was 189°F for the elevation computer. 
c. MECHANISM CHARACTERISTIC TIME (CT) | 
The mechanism charecteristic time for the elevation conmmter 


system was determined in the following manner. With the cane at rest, 





and only the elewation eyro energized, the elevation computer shaft 


was deflected manually in order to generate an slevation prediction 





angle of approximately 166 mils. Ueing a stop watch, the time interval 





was determined between a particuler elevation prediction angle and 


another which wae l/e, or 37 percent of the first reading. Data was 





taken using beth elevation ani depression angles, and at as many 
settings of the sensitivity control switch as it was possible to time 
the tracking index accurately. Due to the inherent inaccuracies of 
this type of mensurement, several readings were taken at each sensitivity 
setting, end their average assumed to be the correct (CT) The values 


of mechanism characteristic time thus determined are plotted in Pigure 9. 
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d. CHBOK OF CALIBRATION 

The sensitivity and the stability mumber of the elevation computer 
having been set as described 1d sostions mn. and db. above, and the mechanisns 
characteristic time recormied, the overall calibration may be checked from 


the formula 

(SH) = fe - } 

p(uP) 

The stebility number thus determined should agree with the stability 
number as set in b. The plot of (SH) from the above formula is shown 
in Figure 10. Since (CT)m and 8 (yp) are very nearly equal in magnitude, 
and their ratio is only elightly different from unity, which is sub- 
tracted from the ratio to give the stability number, only a coarse 


egreement of etability numbers can be expected. 


III. CALIBRATION OF THE DEFLECTION SYSTEM 


. rL2CT STATIC SENSITIVITY - 
a. DEFLZCTION I ITIVI 8 o(wP)a 


For the purposes of thie investigation the 5 (wp) q wae made as 
nearly as possible the same value ae the 5 (wP)e for the various sensitiv 
ity control eettings. In order to accomplich this two current aé just- 
ments had to be made so that the current flow through the elevation 
. atiffiness motor was not affected by the adjustment of the potentiometer 


re, 


across the deflection-coils. ‘a Figure 2, . the coarse adjustment 
was made on tits deflection stiffness motor potentiometer marked "M” to 
bring the o o(wP)a up near its required sensitivity. Then the current ‘ow 
through the complete stiffness motor circuit was readjusted by the gain 


control marked "RK" eo that the current through the elevation stiffness 
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m { = was ite ‘previoun value. A quick check of 5 (vP)e on any 
of the sensitivity control settings could verify this adjustment. Not 
having changed the position of the computer case on the turntable from 
ite position for the % p(aP)e teste, the turntable angular velocity was 
om aot by the coeine of the tilt of the mounting frame (20 degrees) 


to give the actual input angular velocity about the deflection aris. 





Data of Pa, versus input ansular welocity ie plotted in Figure 11. 
The Sup) fe represented by the slope of the line connecting points 
tage determined for any partioular sensitivity netting on the control 
box, These valuca of So(sP)a are plotted ageinst sensitivity setting 
in Pigure 4, which also shows So(WP)e° for comparieon. 

db. STABILITY SUMBER (SN) 

The (SN) for the deflection system wae set at 0.20, which was the 
sane value as set on the elevation systex. This calibration was made 
in the same manner ae explained in the previous section. The final 


temperature setting on the deflection computer damper was 173.67, 


and the plot of stability number versus angular velocity input is shown 





fn Figure 6. 

c, MECHANISM CHARACTMRISTIC TIME (CT), 

Mechaniem charecteristic time was determined, as described in 
part 2, section q, and is plotted in Figure 7. 

@. CHECK OF CALIBRATION 

A check on the overall enlibration of the deflection systen by 


determining SN from the formula 
p(wP)a 
wae made, and the results are shown in Figure 8. 
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I¥. CALIBRATION OF THE CROSS ROLL SYSTEM 

The eelivration of the sight’s croes roll correction system was 
divided into two steps: first, the adjustment the atatic sensitivity, 
designated as *>(uP)cR, ’ of that component of the croes roll system 
which corrects the deflection prediction angle for crose roll effects, 
and second, the adjuetment of the static sensitivity, designated as 
"p(WP)cR, * of that component of the croes roll system which corrects 
the elevation prediction angle for oroese roll effects. 

The computer case was set up ae in the previous calibration with 
the anguler velocity of the turntable, modified by the angle of tilt 
of the mounting frames, supplying an input to the cross roll computer 
eystem. Inspection of the functionel diagram picturing the effect of 
the eross roll system on Pays Figure 12 , shows the invute desired for 
the calibration ané the factors which are included in the resulting 
correction. Wer was supplied by the rotation of the tilted computer 
case. A constant elevation prediction angle, Pa.» was obtained by 
deenergiring the elevation computer's gyro and rotating the elevation 
computer shaft a measured smount and restraining it in that position 
during the run. The deflection computer's gyro was deenergized so that 
it made no contribution to the deflection prediction angle. Hence the 
deflection prediction angle generszted was the product of the present Pas 
the gain (k,) of the deflection cross roll amplifier, and the angular 
velocity input (We? to the cross roll computer shaft. 

With the setup as described above, runs were made and the following 
data taken: W .. (turntable speed corrected for mounting frame tilt), 
Pass Peas the elevation computer system sensitivity setting, and 


deflection cross roll sensitivity setting. 
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From the data, a plot of Pe, vereus the product of croas roll 
angular velocity (W.? and the elevation sight prediction angle was 
made. See Figure 12. The slope of this curve plotted represents 
the deflection cross roll sensitivity tS cwp)er,)- If written in 


equation form, 
P 


*p(WP)cR, . vs, 

In order ta have enough points on the plot to give « representative 
curve the runs were nade with Pe. value from 50 to 200 mils and with 
5 (¥P)e settings from a minimum to a mexiowm of 5 seconde. The cross 
roll sensitivity control unit was denigned to give a choice of four 
seneitivities. As specified these sensitivities were to wary in equal 
maltiples from 1/4, 1/2, 2/4, and 1 of the product of the elevation or 
deflection sensitivities and the sum (1 + SN). With the maximum crose 
roll sensitivity setting used the *p(wP)oR, wae af jueted to ite proper 
value by adjueting the gain (k,) ef the deflection cross roll anpliffer. 
To adjust the cross roll sensitivity settings at 3/4, 1/2, and 1/4, the 
maximum value, an ohmeter wae used to calibrate the settings of the 
variable cathode resistors of the 6SN7 tube in the deflection cross 
roll amplifier employed as gain controllers. The cathode resietence 
for a certain setting was ad Jueted so as te be in propertiont the 
resictance for maximum eensitivity ae the sensitivity for that setting 
was in proportion to the maximum sensitivity. These resistors are 
labeliea “?," “Ss,” "RR “PY "QQ. and "O” in FPigure 15, the 
electrical wiring diagram of the sight systen. 

Calibration procedure for the elevation croge roll senaitivity was 


conducted in a eimilar monner to the precedure described above. Figure 14 
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ehows Pe, versus (Pe, )(We). Figure 15 fe a plot of the results of 
these calibrations and shows the cross roll sensitivities obtained as 
a function of the sensitivity setting on the control box. 

The cress roll mechaniem characteristic time was set equal to the 
elevation and deflection system (CT)m indirectly while checking the 
responee of the crese roll computer system to a sinusoidal input motion. 
This procedure is described in the next section wherein, from the 
results, the (SN) was determined and adjusted to the specified value 
by varying the temperature of the damper fluid in the damper unit on 


the cross roll computer shaft. 


VY. CHECK OF THE SIGHT’S DYNAMIC PERFORMANCE TO A SINUSOIDAL FORCING MOTION 
In order to evaluate the dynamic performance of the lead-computing 
sight, the sight computer case was subdjected to a sinusoidal motion, the 
amplitude and frequency of which was known. The motion of the sight 
reticle was measured with respect to the amplitude and phase of the 
forcing motion. The results were determined as a ratio of the am litude 
of the response to the amplitude of the forcing motion at sero forcing 
frequency, and a phase angle of the response, with respect te the forcing 
motion which was given a negative sign when the output leads the input. 
Equipment used to produce a sinusoidal forcing motion consisted 
of a flat table oscillating abovt a vertical axis and driven by a 
variable speed electric moter throngh a rotating shaft ~- rocker arz 
arrangement. The computer case was mounted rigidly on the oscillating 


table utilizing the tilted mounting frame descrided in the previous sections. 
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4 





Ae 


Mounting the case in this fashion permitted checking the elevation, 


deflection, andi cross roll systems without heving to ehift the computer 





case between runs. 
To set and measure the amplitude of the forcing motion a beam of 


light was projected a measured distance from the oscillating teble ento 





a stationary beckeround. The distance vas great enough to allew con 
puting the amplitude of anguler motion by dividing the distance from 
the center of oscillation to the light spet on the wall background by 









the distance through which the light spot travelled when the oscillation 
table was slowly moved through one~half cycle. 

The sight head was mounted so as to allow an observer to watch the 
Bight reticle move with respect to a stationary background a known 
distance away from the mirror in the sight. When the distance the 
reticle appeare to move on the wall is observed and measured, the angular 
motion of the sight reticle would be determined and compared to the inpu 
amplitude forced on the computer cage. 

To determine the phase relation, the sight reticle was illuminated 
by means of a neon light fired in synchronism with motion of the oscillating 
table through an olectrical contactor which made contact once each cycle 


of the table’g motion. Time after marking the reticle position on the 





wall for a very elow (sero) inpat motion, the phase shift for any fre- 
queney could be determined by shifting the {lluminating contactor contro) 
until the reticle flashed on at its position for rere input motion. 
angle of shift was read from a protracter scale on the illuminating « 
As in the calibration of the elewation and deflection system sensi- 
tivities, the input motion was modified by the angle of tilt of the com 


puter case mounting frame. 
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To evaluate the elevation and deflection systems’ dynamic performance, 
their amplitude and phase response were measured for various frequencies 
from near sero to about 1.3 cycles per second. The amplitude response 
ratio and the phase shift angle were plotted ase functions of the sensi- 
tivity-period ratio. The static sensitivity had been determined pre- 
viously for the particular sensitivity control setting used, and the 
period ie the reciprocal of the oscillation frequency in cycles per 
second. These plots are shown in Figures 16 and 17. Ineluded on 
theese plote are curves determined by theoretical calculation as civen 
in reference’. As can be geen, the dynamic response of a sight 
depends on the stability number of its computer system. Therefore, in 
comparison vith the theoretical valuee plotted on Figures XVI-9 and 
XVI-17 of the reference’ this test could be used to substantiate the 
(SH) setting on the computer systens. 

The final check to be made on the escillating table was to get the 
reeponse of the cross roll computing system. To do this the elevation 
gyro wheel was deenergized and its computer shaft deflected and restrained 
at an angle to produce an elevation prediction angle which was measured. 
fhe deflection computer system was wade inoperative by deenergizing its 
eyro. The crose roll sensitivity control wae set to a value of 
‘p(wP)cR, previously determined. Now with ths computer case oriented 
on its tilted mounting freme so that the cross roll gyro received a 


component of the sinusoidal input motion, the amplitude and phase 





* Detailed Theory and Computationa for the A=) Sight for the Centrol of 
Gunfire from Fixed Guns, Rocket Fire, and Bombing from Aircraft. Yol. 
Il, Appendix XVI, Sectione L and P, prepared by the Instrument Labdora- 
tery of the Mascsachusette Institute of Technology. 


Lo 


’ + 


* 


[ON C 


+— + ae 
a pet 


7 


> 


$ 
+ 
eet 
3 
vad 


> 
4 


= a 


mew 


ae —- 


} 


; 
peer = 











- 


+ 


on 
Te 
| 
w~——- f-—  -— 


¢ 


SE 
TIOW 


t 
f 
j 


GLi 


& 
Fr 
es 





LA 


SP 
‘To 
OL E 


SINUSO/OAL 





4 
‘ 
y 





TR 








{ 





relationship of the deflection prediction angle produced by the cross 
Toll was measured and the data used to compare with the theoretical 
calculation as in the case of the elevation and prediction systems. See 
Figures 16 and 17. 

This method of checking the cross roll computing system provided a 


convenient means for adjusting the (SH) of the cress roll system to a 





specified value, since the (SH) is a parameter affecting the positioning 
of the curves of Figures 16 and 17 (simsoidel response curves). The (SH) 
was adjusted as before by adjusting the temperature of the damper fluid 


in the damping case on the cross roll commter shaft. 


VI. CAMERA INSTALLATION 
Two GSAP (gun eight aiming point) cameras, AN~GA, were installed 
in the FéF for recording data during each run. One camera, attached 


to the sight head, phetographed the tracking index and the target plane; 





the other, focused on the inotrument panel, photographed the following 

inetrumente: step watch, airepeed meter, altineter, turn and bank 

indicator, artificial horizon, directional gyro, and accelerometer. 
Inasmach as the etandard GSAP camera is provided with a fixed 





focus lens, focused at infinity, it was neceseary to adapt another lens 
to the camera photographing the instrument panel. The lens used was 
the Kedak Astigmat, f2.7, 15 am, which permitteé focusing on the instru- 
ment panel 70.5 inches distant. Ne mofidication of the camera frame 

was necessary; o suitable adepter was wanufactured to fit in the lens 
eocket for the fixed=focus lene, anéd was held in place by a set screw. 


The adjustable lens was then placed in the adapter, 
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To locate this camera so that it would photograph the desired instro- 
ments, it was necessary to mount it ina position just above the left 
shoulder of the pilot. To do this, the catapult headrest and armor 
plate were removed, and a suitabdle bracket for holding the camera was 
secured to the after bulkhead of the cockpit. Although this arrange- 
ment placed the camera and bracket quite close to the pilot’s head, it 
was accepted since it obviated the conetruction and installation of a 
separate inetrument theatre in the fuselage of the plane. 

The external wiring diagram for the camera circuit 48 shown in 
Figure 18. The operation of the camera is as follows: 

1. Close battery switch, master armament evitch, and camera switch. 

2. Qlose gun ewitch on contrel stick starting camera. 

3. Glose coding and gyro caging ewitches simultaneously at the 

start of the firing run. 

Closing the coding switch actuntes a small flag inside each camera 
fn the field of the film and permits synchronization of the two films. 
when the coding ewitch is opened prior to releasing the gun switch on 
the control etick, the film is again coded by the flags. At any inter- 
vening time the pilot can flick the coding switch to obtain additional 
time checks. This coding feature was incorporated in order to make the 
evaluation of the film easier, since it wae a means of positively 
establishing identical time intervals on the two filme. 

The above separate coding feature necessitated a modification of 
the ntendara internal wiring circuit of the GSAP camera. The modified 


circuit is shown in Figure 19. With the standard circuit, the camera 
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runs from one to five seconds (according to the overrun setting) after 


oo 


the gun svitch is opened, and the film is coded only at the beginning 










end end of each run. However, with the modified circuit, additional 
coding may be obtained through the use of a separate eviteh. The 

change within the camera case is to disconnect the lead to the overrun 
magnet from terminal No. 2, etandard circuit, and connect this lead to 
terminal Ho. 4, modified cireuit. This modified internel circuit, 
together with the external operating circuit, permits simltaneous 
uneaging of the gyro and coding of the film, and any additional 


synchronization coding deeired. 


VII. INSTALLATION OF THE THRER-GYRO COMPUTING GUNSIGHT'S COMPONZNTS 
IN THE MODEL ¥F6F NAVY AIRCHAFT 


a. SIGHT HEAP 

The sight head, specially designed for thie project, was mounted 
in the normal gunsight position. A sight mounting bracket was made, 
and was secured by four belte to that part of the airplane's structure 
which normally supports the sight. To prevent any vibration of the 
sight head, additional supports were employed. These supports consisted 
of two rigid steel atraps ranning from the sides of the sight to the — 
windshield frame directly above. 

fhe sight reticle caging switch, te be operated by the pilot's 
left hand, was mounted on the cockpit s111 just over the throttle on a 
switch bex which aleo contained the gun camera’s coding switch. 


db. PILOT’S CONTROL BOX 





The pilot's control box with ite master awitch, damper heater 


;, 2 ., 


and indicator lights, and senaitivity control ewitches, was shock~mount 
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over the right rudder bar under the pilot's instrument panel by means of 
two clamps secured to the rudder bar and one bolt attaching to the fire- 
wall at the rear of the contro) box. 

ec. COMPUTER CASE: SERVO AMPLIFIER, DYNAMOPTOR, AND INVERTER UNITS 

The computer cese, servo amplifier, dynamoter, and inverter unite 
were inetalled in the fuselage of the airplane behind and below the 
pilot's cockpit. They were mounted on bases previously occupied by 
night-fighting radar equipment, whieh was removed from the airplane 
in order to accommodate the gunsight’s equipment. Rlectrical power 
for the sight eystem was obteined from the junction box which contains 
a fitting for wupplying power to the airplane’e electrical system from 
an ezternal source. 

d. GUNSIGH? CAMERA REFPRENCE MARKER 

A gonesight camera reference marker, which consisted of a steel 
rod with a beaded tip, was mounted ahead of the windshield on the 
fuselage at a position just aft of the engine nacelle. The purpose of 
this marker was to provide a reference point in the assesement camera 


film from which lead angles could be determined. 
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APPENDIX II 
FIGURES 


All figures are plots of predicted lead angles as a function 
of time. 


(y Aleo inoludes Tracking Inaccuracy) 


Fig. 1  Reckefoeller Differential Analyzer Solution 
Fig. a Run 1, Mission 1 
Fig, 3 Run 2, Niesion 1 
Fie. MN Run 6, Mission 2 
Fig. 6” Bun 3, Mission 3 
Fig. & Run 4, Mission 3 
Pie. 2 Bun 3, Hission 1 
¥ie. a | Run 4, Miseion 1 
Pir. 9° un 5, Kiesion 2 
Fig. 10 Run 2, Mission 3 
Tie. 11 Run 6, Miseton 3 
Fic. 12" Run 2, Miegion 2 
Fig. 13 Run 4, Miasion ce 
Fig. 14 Run 6, Mission 2 
Fig. 15 Run 5, Mission 3 
Fig. 16 Tracking Inaccuracy and Solution Time as A 


Fanction of Static Sensitivity 












"=a he VE -r A a 

| — ANGULAR" LEAD 1N Hoa ZONTAL P PLANE (Ry) 

[jay A VER GUS- TIME ~~ 
a late OCKEF CE RSC | 

OF ENS GIVEN ON PAG PAGE 6 6 OF THis REPORT. 


lH en NTH 








} 
a 

: 

| 





| EQUATIONS WERE TAKEN aS FOLLOWS 
My = 250 ‘OR 50 KT 


} 





es oe ee *) a. oe i> ae 
- P r ; lekki otcat ¥ aad ) , : | 
| 450° AND a 
: 0 * } { i i t ‘ f 
Se eee 
i) ‘ ; 
. | | | j : ; i 
| VA t ' : . 


5 sarees Ar, = 150° ANO—=15) -f 














w2sud Ove KOC 

7 f Hh Mt A0ve 
o2dee "wM Owwl wl ON Mead" WN10D 32446 Se WING NIM 
HON: 3TH GHL O41 O) X Of 2 PEE WEI 





N 


KELFFEL & ESSER CO 


NY) 


KEUFFEL & ESSER CO 


ee 
A ~ 
i= 


be G. 

' = b 
iow , 
+ 


~ 


5 
4 


— aL 
4 16 
t > = 
— =. 


dhe: : 
Le 
: ' 5 


a 
» ie 


- - 
re Se eee ee 
7 
- 


' 
a 
io 
Coanal a oe 








; 
‘ 


; } 
‘ 5 
' | 
¢ { 
! i 
i i 
ae! 
KEFUFFEL &ESSE™ CO 








| 
a | 
} 
an 
<a Pog 





“—— 
| 
| 

Ps 


! *. cat | 
__ MISSION 2, RUN 6 
3 | | = 
! ie | 
N ry 2 SECS 
ee | ee 
5 00 kTS$ 


} 
' 





| 
= 

i 

' 






<i 


:| 
ra ate 


[ 


‘AUG. 7 
ISTTIV 


| 
+—— 
| 


—_— 


7 
| 


an 
+484 
i 


a a 
2. 
sa 





—- , =i. | 
ian 
yl. 
E COND 


1 
= 
tL {s 


4 
, 
a 
t 


-— 


De gt 
[ 
et en 
j 
aes i 
. 
p... 


| 
t 


1 
f 
. 
' 
{ 


a ad 


A 





| 


OS ede 


| 





© 
O- | 








' 
i 


d3svd Ove 4, 00! 

vy 6M mh tw 
n3ows 4 38h wt ON WhO b0705 BiveB 7h UIQUO MN iMm 
MSie1 41Wr UH. OL OF % CF fF HEE ONiarHo? 








ES. 





7 





NGL 
URAGY — 











NAC 
' 





» 











STION A 


22 





KING 


SION 
U 
1 
Vr 
Va 


_ MIs 
' 
| 
SEN 
Pe 
a 


 / ‘ 


_,__ a 


ian 
| 
—_ 
o_ 
4 
| 
. 
io 


PRE 
“TRAC 


: 
: 





=e 


| : 
a aie _ 
4 


| 
t 
{_ 
| 








I 


i 
m4 
! 
: 
b 
| : 
{ 
: 





t 


4 
F ; 
i eee ee ee ees 


; 
| 
i 
lace hae _ 


{ 
Os 
| 
: 





r 


| 
7 | 
: 


- eo = 


1 
ee — -~ ree 
“ 
I 
4 


| 
F 





! 
ine. 
} 


| 


‘ 
! 

i ; 
+ f 

‘ a : j | ¢ 
i 
4 L 
5 

: 


= 








c i 
ft 


| 








— 
at on 
| a 
| j 
on 

—'— 4 
| 

rp 
i | 


ai =. 
r 
4 
a 
a 
. 





ata 


__ ee 
j 


! 





pj 
i 


{ 


! 
{ 
_ ; 


Bavvu TvVU %,00' 


vos nN! 3d0n 
s3u~% DVIITGL FF AeMYYS SOTCA Jivih& OF Viva MIWA 
HONI S1WF FHL OL CE XK O° “OE -7EP Dratts 45g 


Y 


N 


KEUFFE. &S ESSER CO 





heUFTEL BESSER CO. 


| 


VITY | | 


SENSITI 


j 


; 


t & 
eee ee ae a a oa —_——_— 


s - . c 


D 


UNCAGE 


YRO 


Shdvd v5 $& 0G 

v BAH IlVw 
Nodva ON owe eo Ore mvs) sony Vivi Bye 
HOM div GHA OL Ox Cr S- 





—-~ em = 


ar Oe Pe a o— ~-ms 
: t + 
nected = 


% 
~ - a7 o-oo 
i | 
. —~ a oT _~ a ae 
® ' 


eIdve Ava wo? 
ce 8 ff HK Fore 
S3ews THIOTHL UO Ox wPeG HOOD Garik Me HIDUS MIHM 


HON! J7¥H 3H. O01 O1 X OF S-# ES ONIAG BUN? 





LOIGANd 


po! 8 . 


Y 


N 


KEUCFE: S ESSER CG 





yPecte¢eern FA 


@ fielecece 





| 





Aas 


ab 


: t 
aS 

t 

- 


“Big 40 oe 
E t (SEC 


+ 
{ 
. 
| 
| 






— ae 
a 


i 
: 
' 
t 
J 
| 





= 
a 


| 


al 
to 





a7... 


a ' 
{ . = 
3 


—-_ + fw 4 
© _i= 
his’, ; 
s © $ 
1 = és! , 
ee 


: 
: 
. 





7,19 


t 
i 
} 
; 
f 








io 
| 


AUG 





aidwd Owns *¢00! 

vy J AN AN0e 
CIved Te owl bo GND SOO? AuwIH 2N. JOT WOM 
HONI 4TWH 3Hs OL GI X OF "S-—BEE Statr yon] 











— — 


ia — ie _ | -.o ~—s 
: 1 
‘ 


. ; 
Lae a 
1 
f 
' 
__ 
: 
a 
' 
7 
’ 
_— 
' 


} 
— Ce 
. 
. 
le 
1 a 
ae 
ane 
i 
ND_ ij ae 
ae vers iso . 7) 
| | 
E 2 4 — 4 ' os | 
a +t — 
— — ¥ 47 
; a a tt wale | ‘ aa 
a 
, | 'e | | 
Y-9 Gees} 
= JOO KTS. 
ec cee eee rete gece yam D-ring 
~ TI) Ct gt 
: : 
= es7g eri. | 13m 
200 ae 
___3 
= 90 
iy |- = _) 
{ } t 
2s 
FIGURE 9 | 
a = — 
ee 
| 
Peet | are _ 
aa 





~~ > 


; 
-*. —— — a 
| : 
oe 


! 
4 
t 


5. 
| 


Bp. 


: = i a 
,;——.-— — — 4 : 
‘ 
t 
. 
—_— 


: 
t 
; 


-—— +e ewe 


O-YD 


J ANGLES | 
COUR 
tM { 

RUN 5 


h 
{ 
4 


DICTION 


' 
: 
f 


t 
{ : 
; : 
; 
¢ 
{ 


f 
| 
; 
: 
{ 


: ee. a 
} 
Soe san nn ee ee | 


— — = 
d 

es et 2 ee ye eee | ee ae - ee ~ 
‘ 





RE 
| 


¢ 
- . — 
« 


TRACKING. 
_——~ MISSION 
| AU 
StTtvt 
Vr 
Va 
: Ro on 
Bie 
i 


1 


fm me te ee ee 
. 
eo—-= > = 
4 


; 
‘ 
} 
{ 
t 
b 


eee i i 
i 
= _ a } 
. 
t 
a 
| 
: 
' ae - le ‘ 
| : 
eg gp teen rir a ey rene cee a te ee ee oe 
¢ 


4 

eee eo 
i 
4 
a ee 


t 
| 


eee ae | (ld 
’ a 
e 
. 
- wee = . 
1 
! 
{ : 
ee ES RR SE ER poe Es Sg A a oe 
e + 
. ? 4 
~ - - - - — = —y 
: 
+ 
4 
-_ - 
anes 
1 
Se ee 
—— — 


} 
oy 
; - 7 
5 
t t 
t — _- 
i 
— ee = 
1 
' 
=e 
+{-=—— 2 
? 
? 
J 
f 
t t 
§ 
ee ee =“ 
i 8 
; } 
= — a a . ee we -- 
i q 1 
eee eee 
4 
i ee 
’ 
t 
[ 
‘ 
a ; 


i 


a. 
; gy 
aii 
! 


— 
olen ——- 
| foe al | 
a : i 
i 
pi 
| 


—_—_—-~ —r ot we ee “eo 


i 
J 
i r 
j ; 
* 
— . 
ee a = ; » 4 4 fhe a 
' 
5 ? : 
4 , 
Pa a : 
———> a Ag ee SE See 
i 
? 
. 
5 4 
in F t 
eS ee 
| i 
———— te —_— > 
{ 
1 





— wa 
4 
~~ 
_ - a —— 
+ 
4 
. 4 
‘ 
= . ~ - ' - -_ -~ - -—- 
4 
4 
cpt eel ee 
: h ‘ 
? . 
4 
wee .*.- — - 
° z 
4 
‘ ? 








; 
' 
7 

= gape cit — - - - - 

F 4 

7 

a re em ee 

t 

~~ - — _ —_ ° 
a 
} 
alle 


f 


{ 
' 
i 


| 

i 
eS SS SS 
= 


—— 
ae 
; 
aiden: 


> oe =a, as 

. 

‘ 

‘tl 

t 

t 

‘ 
———— 





* 
a ee elke 
. 








-GYRO UNCAGED 


. 





i. 
d 
4 qa 
r 
oo 





el nl 
: ) ? ) ae 
i lal — 





+ - 
= It) 


a 


<=! 
; 


mi 


a 


Eel sctran apse pa oe Spe 
4 
‘ 


L 
t 


4 
| OD myles. 


4 
. 


ee ial 
FIME-— 


— 
¥ 
{ 


ZEF 


* 
ae | 
| Wz 

: 


oi 
| ae 


| 
| 


mee ssp 2 : 2 “ame 
ee ~"t) 





Pie gg 
a be" 


| , . 
‘at i 


__ bt ee ee 
- | ee ee 


Ny 


a 
= 2900-yos: ~~ 


= ; t “4 = ¢ oT ‘ ; ; 


| ai es Sat a | et 7 ne 
— ~ ~ ae ~ = — r mam | | i : ! 
58 +~ , : i) ; | | {Oo 


bela it ot Gein ete om | 
ie r 








Y 


N 


om 


KeUFFEL & ESSER CO. 





Usivd Ova onl 
w S$ A ha JOeW 
cidyvs OMNIOVe. _ OhimveO ‘SOTOS BLVLS SNiod TAO NIM 


ea 6 HON! ATH dat O1 Qi X O S-#REL DMAVUONS 


: } . 

j 
ee = 
ss 
i 
! 
- - or = 

' 


‘ 
3 
4 
memes teee enter emer 
: 
4 








GYRO UNCAGED | Se ees ee See -, PREDICTION ANGLES | | 


: , a a 
ore ae 


AF —ZERO Tih /—- ~ —--__—_+-——_--— — ered 


eT: a) | i a oo PTET pT MISS IONeaT 
. | AUG. 9 ; ; 
a ae. wines eemgemcseem |) ae -——- i te 7 
ae | | | | | k* 


' } 

SENSES SOB. 
a ee Saraki” ma Burw Vr = 100 KTS. ar 
i a a nal hie Va = 209 “KTS. 
a Sg 
PO ane do eens is 


| FN ah ele ae te at — ee 


—— . 
ea | | igham ! 


be Pe : 19 









- -* —— - - . . ee ae ad —4. ee ee ee 


- ae 


' 
- fees Eg PON ea EEE A ee REE ES ac, Maegan 































je | 


Pa ee 
: ” 


a ——— 
* 


, 
SLE 
4 
t 





* 
| 
| 
Lf 
| 
7! 
mi 


= 


S 
: 
| 


KEUFPPL ESSER CO % + 


ee yy ae 
t 
a 


i 


ae 


ra 


> 


* 
¥ 
‘ 


= 


N 


N 
NCTIO 


A 


ACY} 


NACCUR 


d 


(ON TIN 


| 


2 
2 
x 
a 
Or 
= 


—— <4 ge 
} 


| 
— 
fon 


. : f\ ' 
' 
9 A FU 
j ; 4 
: : | 


ME A 


TIM 


UT] 


i} 
EXPERI 


8 OF 


ENTAL 


7) 


1 
~ - 
s 
e—_ ~ 


| 


ee ee ona eee ee irs eoeee sere we 


- = 
=_ 
F 
coed 
tea ta 


" a 
° | 





— i = 


P7¥-2h Airplane 

Sighthead Installation in F7F20, Top View 
Sighthead Installation in F/P2¥, Side View 
Sample Film from Sighthead Camera 

Sample film from Inatrament Camera 








peeeein iat 


NWN 
LJ 
Es 
= § 
aa 
Oo 





pales | 3 

















B an onvenveenene so 
| : ; bua & ° ie 


aad ho me te ot mm Om mlm lk 





Of 


ay 
\/ 


OID 


Zz 























kA £& a tra 


Lig oa “Es 





























A 








Zw IO 
‘“9as J = hy od 


LOL Zz wa ony 
T* wn oe peor sss p41 





| | 
———— S eerie a - —_————— > ~~ + ee ge eel = = = ss ™ va —_—l = ————— 
| Sz = 7UTB wy i 


~ S a a > —— 


: = PIETER = uy 7 we 1y 














vog t me RE S fe — 8%. | =2797/ 


; Los 1C3/- #£xb68- 
| Se ee, 2 ee, A 2ST Per 





1 7 a 1 (ae 
ere TOS TT OE Ws a oe ae | fbf 6rar 7 





B87  — &b2/ 222 








ee ca <a xe —_ 
O¢ 
~£6J Pls 6 
O92 


26/7 hF LF 
67 SE. 
Pe bi oI Te 


ne 


Sie ss * 

















98 / “3.97 
ee — Seeey e-”~—Ci‘( LCOS ])~OCUC ee e:sC eee “T @8 





















































¢ 


cw 77 LAb/ & strony 
Tn 7 uy LR ees 


ee ¢7Z 








OGL 2. 










































































(tyr00 9 (yey . aed Oe 
‘PIE7 Cate Tl «~ Pn LA6E L LEN O04 
Zw OY Fu Mes 


S Prey = 2sec. 


INhissiew 4&1 


Row % 2. 


Praca 2 


Rueusr 9, 19”7 














lAf~C=~«e ye 
OA  OS'9 

















ES 








a by 


Mm) 
| & 





7h T3 4) Zz ab Pop 





Z Z A, 
mm aoW Abt bb v 
a Ja 

"2096 2 « tems, tw 
















































































SS 222 
as | aee | ve |r 
| ae |e 
Z "ol zie > 
Ze PK, eros’ ‘bny 
Qn Oy Zw VOSS LY 





“O¢ 42 
{  S/7Ta 


“) “a = 


Z 
a 


‘22SOY = Tem de 


. 7 SF / 
gh sl Yer tt ZV or 3 €# 

















+] Sf hh b+! 
Sti © oc ae qe 99° Stil 
Sa | F tah el “O o/ $/ tb My 
| oe “ace +!) Ltlh-” srlh ~~ bet? 
_ 2 tH | “Vi aee wer) 
| ae ae 11 | $l 699 ——sbeT 
ei L£0/ ¢// Of'9 Ses | 
Ze | ae Ze v/ +l wey | 
| | | #3 90/ PT ak ee ee 
S76 90/ SS e/l mS “££ 
| | 4S $0/'' Gell 9G) be 
| 4 90/ | S'hil Cr Fs | sol 
psa | =e ‘907 | 7) 93° ¢ Nos 
hil OF" Lb 
| te go) oi) ae E3 
be yi oer Cb OB 53 
| a2 en fer $F S3 
| oo S/] | €e LS ° 13 
| #&b 9/1 bey CCE E bb | it 
easel ile 9/7 | Hes LOE alot 
| | soy ig! Serle Ber Sa 
| ree Lil tere” 952 $9 | 
a ee ba ; 
ee 
| | | Oi 
Lee, 
| | ses 
o> 





a 










Slit 

er 

SO 't 

os 

c£ 

&E 

["C 

Le 

Le 

5 > Oo 
ALIins “7922 ‘AN PL LETT] Oe ur] of f : ‘o! PM 

— TInt, Ett 39¢d Lebib 450904 
DIS Ge S £ NY Pae Ves 


vaswns > Se eft aH 
_Enapovisws worst 
bbs te / 
be 7 


oe 69 



















































































FORLLLIY “1939V 


Lebr'l 43990 
£ tt NOISSIW 





O97L 


LB a= 


er TULLIa 








eet 


























Plicx? 


22 [ 2) 
a al ona 


eR ka 


Leos 
&£ Ae 





Lswvowy 
WOES Ly 











“ours 





‘oa a 


FIULID 




















bS/ | ‘or ls 67 















































pel $370 13 
_SSb €90 é) 
? 
1B) Oro b4 
Ont E3t sor 
eer b€/ LS'b 197 
ie “6/ . te be — 
et SRST 397 ae rH 
ch eee ee er CLA a 
== assy vf wars LNT FIN TT Tr r 
sas g = lems Zw J9¢d aay 1 sspsay 


x NIX Ege NOISSIW 












































i 
oo ee | | 
S/ tr be : 
$97 apr7 . ; 
6 Ss by7T 








Pyapay 
Lpbt LSI 4p/ 
SPE nerssify 





Sg) Of / bA/ 
23 / Lid Sh / 
fy / 

&GL/ oL/ ZE/ 
GL/ EL / EL) 
o&/ pel ers | 
LE/ Sé/ SL/ | 

| z | e 
/b/ 0f/ L/1 
S67 SO7 E// ' 
L3/ \ s2b/ gos | 





G4) \ BSI | 
7 | ey : 
bp/ / Oe | SSRs PbS £6 | 


jor | Ao Tal fo 


X 
. ‘9 
y 
s 











cory’ Or Gor | sh/ bP 
Os Ese Biel SH 
$72 BIC £57 a 
| bie Kee ser ym 
S Hie OF. | 59% e_ | ~ 537 I ae ay 
ote. — LEL £57 $9 
SEF SEE SGT * S| 
CLES 
OSEe | 
Od 
OOS SE 


20/5 TL 


ZI°%S 4fdb/ L19090H 
boy NY / Ht NOVSSIY 


GS! | $57 


Ry XY¥YNN 





WRWANKb 





5 oO/ 
7 5 


























Lb! ‘L 119904 
fd NoOrsstW 









































¢ 39%” L¥bi‘L asaony 
> me NMA [ge NOISsIW 


So —_— —— —— — 


S/ G1 \| Fo. 4S) a | 9L/ | 4b OL Bb/ 
ILS! | Ob/ | & Sti | Lo | G38 | SB 

















































































































SZ UC) Pu) WD ef Pe 


ATIO7D 
DHL S = CZ Ed ic 4 ?9%7 OS66/ Ls0ewy 
St MOY LS ep NWST I 





oa 2 
BSRBE@ees2=-—- 
ees 
| 
SS = a 





GL oy 
LeLo/ UsN90Y a 
oy NOISST/L/ 











i : gis, | hy On| hoy | Lui 16/ ts/ | $sz78 1 Ee 










































































oe | ae | ene oy 7 ens eee : 87 | thr és) | bto'8  bA, 
‘ Nee ae say | o/h, OLE 'L th? 
"¢ et / ry 
: | | Ay “Tl 68 | €€ Cay bbe LL 
i. | | | CIE we “UG Oe 77 
| | | coe ~ ore Fen «B07 
‘ hy a ye ae —i7~ | £51 7T'S_ to7 
73° 
: | soe 1 ik | i el ~ €04'h ~ €4 
‘ | "07 | aie ( | oh i | eet Pl Cer Aah be 
: = | ey, | : : “LST aes 
, . : - ~ - ~ - - ar 18 
aes 3 : . s bd | aT @ee £4 
z | | ) : z iT | Cty Seve C7 
‘ | ‘oor a es | | OCF OR Be Ob 
: Vee | 7 a | Po eee! A) OZL 
} 
4¢7 0 TO § 
: tel €/£"/ Con 
La ese] 
fee. 
iy 
f 
one | we | 10 
'foof Wo 7, b ry 7, «STi 
PILATE : i ly edad 77 a ; oY : 3 2) oti 1 





Ip 24B/ Ly, Lbny 
soas tr (Iaido Sy 422/ Ey WOlSSIN 


Cé/ 
€b/ 
29°07 B77 
IE'O7/ 5 38/ 


-'90°6 


~ LHR 





Ey MOK SIW 





57 L'9 €t/ 
“=e? ferro Taye? ———— 








“677 | ote RTECS A 











O¢/ |  oO€) TCT ES 
Czg, *| 927 z°D 5A 
ttl et) = 767 
2z/ £57 bh 
a ear? ¢e 
A) | ger? / €€ 
le aes ee 
poe TSR te 
ee a 
ae a eae 
ee |e — 1 al a 
7 ow |e ad 
: Ww 714/ 6270S es | 
PMT = =—* 799 By) 7 1 > Mba 


7, 242/ Li, “L bay 


Petrus wraneeoe L°*~’T 


pytrasy Bw owe y yrtre 


—— 


6/2 — 0'8/ 


76/0 — OB GI 
ST Ife Ci 
 c.7 7 
EC 


b2* 
7 


Cia 


‘2a 


CET 
£6 


S8t 


gz 
Cir 


aren) 


67t 


og 


eGy 
£897 ha 


«OFT SusS7) 0° LEZ 


LAT AT 














C7) Wet 
th] [eee J 
aes 

ct 2 





Uae, 


5t7t 


ABT INRT tt 


~ C14 
bot 


107% 





=. 


iL 

















68 
3 
ee 
























| tL 
eel 
pS 
9 
| bb 
eee 
| a7 
mar 
ex 
Looe 
ae 
ee 
a 
- Ohl fo : ms Cc | 
oy |e 8 pany | rae dca id 
oe , a 7 7 ; ; TL PT ay 7 zw only 
7 obey Z bay 


"foas 9 . In )d¢ Cy wey Cw VOISSl\i 














al oe 
voyr liv 
TIUIOS 1TH 
BF oe 
TAT 
— a 


Lae 
ysis 

I 4 

313 Iw 








‘LOnY 
Pec 
Zp 260/ so | 
£, wMd/ 
(Im jd ¢ . 
S2ac@ = 





















































Leer Uso 
vO oe 
& Pu /VY Shy 





| /‘2/ Ke 
ie Le | 

2H ABE 

| Ait \ wee 

CH 2 Of 

| MH OL 

Lie |Slb 

S$ o/ Zé 

£‘O/ li 


ee 


/ 0/ 


Le 
. & 





SShAf \ fE/ 
Lh/ | E@/ 



































2 ID «Fe 




















/ al L&G/ 9 L80904 
299 9 =CHd¢ Dw VO2/ 2 saci 9sesay. 


Swiw | LIa- £2 CLONM ‘227 F S71 bd S$ 7/hh/ Stl | S7IW STM S 7/1 Ms ¢ 7/ hw STIRS | STI 
LES gle |S) “Te. a ee ae | a 
2b/ 
44/ 
fx5/ 
G ES/ 
S ‘f4/ 
S 23/ 
S°GS/ 
& GS] 
GSE/ 
fe3/ 


ZS/ 
S/S/ 
OS/ 
All 























_¢ 
/ 
£ 


| 
| 
} 
| 


Vi Sy alo 
MMO LNOO ON EM 








YA ERY TLD) FL) ae 


2 2oty Lb6/"7 4s0%0% 
aIE P= (GM)d g= one ae Zao VOSS 


| 
| 


\ 7 (f 4, SMT OGE 
Le 24 tO INTL Yaa ls trd 179/P | SOE 












¥ eo Oy | at ar A a eihe Loz | 4502 oe 
cS & STR | CF ad a A oy | €Ee Lee 
§ & “est | et ‘ - . G4/ | 202 A, 
/ § iy Ae or 6," ? fo 56/ 802 
“Qa 2) | 6S ST, 6hlCU AUC 3 io yp we | we ‘9 
/M/ c O/ oF me 2 - Y, ey jor | aziz | bg. | (26 | 
27 Z G 7S, = a & L, Z zor | E7Z BEY | Lf | 
| GZ) 6 6 TE, a ve wl iC a? Gok BIE | SIO | oe 
| #2 | b Gite ; #6 Au ay e. le 2¢ | we | sry | b0¢ 
ee be a BI gy Be | re ey = 
| ¢ V/h/ SVhhe = Vib +7 iw S780 9 ie ~ 7 "V4 cv  oviWh Tl Ww oa 5 a 





ny “7 Ppl 
a ALYY mT) LCT) ~74€T) as = “a in * oe aa ei) Tn 
QFE = (Mae ; gel sme?! L50RYY 
= a > “” -, WV a. INO SS Lfp/ 


























Lrbi L Lsaony 
e hh NOQIS31W 




















DZ 3G Leb) “2 1SM90y 
S#NNY £ # NoIssiw 


Thesis 7907 
H/ Holmberg 
An investigation of the 
dynamic characteristics 
of a two-gyro computing 
system for aerodynamics- 
lead pursuit courses. 


Thesis 7907 
H/ Holmberg 
An investiaation of the 
dynamic characteristics 
of a two-gyro computing 
system for aerodynamics- 
lead pursuit courses. 














